The purpose of our study was to find out whether transurethral injections of autologous adipose stem cells (ASCs) are an effective and a safe treatment for female stress urinary incontinence (SUI). We treated five SUI patients with ASCs combined with bovine collagen gel and saline. Prior to the treatment, the ASCs were isolated from subcutaneous fat and expanded for 3 weeks in a good manufacturing practice-level laboratory. The mixture of ASCs and collagen was injected transurethrally via cystoscope. Additionally, viability, multipotency, and surface marker profile of ASCs were analyzed in vitro. We followed up with patients 3, 6, and 12 months after the injections. The primary endpoint was a cough test to measure objectively the effect of the treatment. Validated questionnaires were used to determine the subjective cure rate. After 6 months, 1 of 5 patients displayed a negative cough test with full bladder filled with 500 ml of saline. At 1 year, the cough test was negative with three patients; two of them were satisfied with the treatment and did not wish further treatment for SUI. Validated questionnaires showed some subjective improvement in all five patients. This is the first study describing the use of autologous ASCs in combination with collagen gel for female SUI treatments. Thus far, the treatment with autologous ASCs has proven safe and well tolerated. However, the feasibility and efficacy of the treatment were not optimal; therefore additional research is needed to develop SUI injection therapies. STEM CELLS TRANSLATIONAL MEDICINE 2014;3:1-6
INTRODUCTION
Urinary incontinence is a common health problem affecting a large number of women. Approximately 35% of women over 18 years in Europe reported involuntary urine loss [1] . Stress urinary incontinence (SUI) is the most common type, and it is defined as involuntary loss of urine on effort or physical exertion. Urgency urinary incontinence is associated with a feeling of urgency, and mixed urinary incontinence (MUI) is a combination of the two aforementioned types [2] . SUI is further categorized as urethral hypermobility, intrinsic sphincter deficiency, or both [3] . Furthermore, the prevalence of incontinence increases with age [4] .
The urethral continence control system is a vital component in stress urinary incontinence. It consists of the sphincteric unit and the vaginal support system. The urethra is a multilayered structure consisting of striated muscle, smooth muscle, connective tissue, submucosal vascular plexus, and a lining epithelium. The combined actions of these tissues serve to create a wall tension that compresses the lumen closed. Striated muscle has been shown to be responsible for one-third of the total intraurethral pressure, with another third being exerted by the urethral vascular bed, and the remaining third controlled by the smooth musculature and connective tissues [5, 6] .
Midurethral slings have become first-line surgical treatments for SUI because they are minimally invasive, have excellent short-term success rates and good long-term success rates, and have a short learning curve [7] . However, there are patients who have a SUI unresponsive to operative treatment and patients who are not suitable for midurethral sling operation. Additionally, there are patients who do not want artificial synthetic material as their treatment.
Tissue engineering offers an attractive treatment method to regenerate sphincter muscle. Previously, various different cell sources, such as skeletal muscle-derived stem cells (SkMSCs), mesenchymal stem cells (derived from bone marrow [BMSCs]), and adipose stem cells (ASCs), have been studied for treating urinary incontinence. The SkMSCs and BMSCs would be a potential alternative for incontinence therapy. However, when compared with ASCs, the major limitation of SkMSCs and BMSCs is the difficulty to obtain these cells in large quantities. Furthermore, the isolation site injury for ASCs is minimal, and they are readily expanded in vitro. These features are important when considering the cell source for clinical applications. ASCs, like BMSCs, have been shown to undergo myogenic, adipogenic, osteogenic, and chondrogenic differentiation [8] . Moreover, the ASCs have been used for clinical applications in different surgical areas and are considered safe for clinical use [9] .
The aim of this study was to find out whether adipose stem cells could provide a new, and possibly effective, alternative to invasive surgical treatment of SUI. To our knowledge, this was the first study of transurethral injections of autologous ASCs in combination with collagen (Contigen) in treatment of SUI or MUI.
MATERIALS AND METHODS
Patients were recruited from the Tampere University Hospital outpatient clinic, and primarily they did not want the midurethral sling operation. Two of them had been operated on previously (Table 1 ) with unsuccessful results. The Ethics Committee of Pirkanmaa Hospital District approved the study pilot. Furthermore, all patients signed a written informed consent for the study.
After gynecological examination, diagnosis of either pure SUI or predominantly stress MUI was made according to anamnesis, a positive cough test, and urodynamic evaluations. Validated questionnaires-Urinary Inventory Stress test (UISS), Detrusor Instability Score, Incontinence Impact Questionnaire-short form (IIQ-7), and Urogenital Distress Inventory-short form (UDI-6, with scores 0-100, lower scores reflecting better quality of life) and the bother of incontinence in patients' lives according to visual analog scale (VAS) (ranging 0-10) [10-12]-were filled, and exclusion of infectious diseases (hepatitis B and C, HIV, syphilis) was conducted.
The subcutaneous fat was collected from patients' lower abdomens under local anesthesia. Approximately 0.3-0.5 dl of fat was obtained from six patients. However, because of bacterial contamination (Propionibacterium acnes in repeated samples), one patient did not receive treatment. In addition, 50 ml of autologous serum was obtained for the expansion of clinically used ASCs. The ASCs were then isolated and augmented as described later in this article. A mixture of ASCs and collagen (Contigen;
Bard Medical, Covington, GA, http://www.bardmedical.com) was injected transurethrally via cystoscope under local anesthesia. The injections were placed directly under mucosa: 1.5 cm distal from the urethral neck at 3 and 9 o'clock, injected volume being 2.4-4 ml per patient. Two additional concomitant injections of ASCs mixed with saline solution (volume 2 ml) were performed 2 mm more distally to bring the ASCs in contact with the urethral musculature.
We followed up with patients at 3, 6, and 12 months after the injections by a gynecological examination, a vaginal ultrasonography, a cough test, a 24-hour pad test, standardized questionnaires, and urodynamic evaluations (at 6 months).
The primary outcome measure was the cough test. Other outcome measures were the 24-hour pad test, urodynamic evaluations (maximal urethral closure pressure [MUCP], and urethral stress profile), and patients' evaluations of their quality of life.
Stem Cell Isolation and Preparation for Injection
The isolation and expansion of ASC was done in a validated cleanroom (BioMediTech, University of Tampere) following European Union good manufacturing practice (GMP) quality system guidelines.
The cell isolation, expansion, karyotyping, sterility, endotoxin, and mycoplasma testing were performed as described previously [9, 13] . Briefly, the adipose tissue was minced into small pieces and digested with collagenase NB-6 (GMP grade; Serva, Heidelberg, Germany, http://www.serva.de) in a 37°C incubator for 60 minutes while mixing by pipetting up and down every 20 minutes. After centrifuging and lysing the red blood cells, the pellet was suspended in the basal medium (BM) containing 15% of autologous serum in Dulbecco's modified Eagle's medium/F-12 (DMEM/F-12; Life Technologies, Rockville, MD, http://www.lifetech.com). The isolated cells were expanded for 3-4 weeks in BM. When nearly confluent (90%), the cells were mechanically detached using a cell scraper (Nunc, Rochester, NY, http://www.nuncbrand.com; Life Technologies) and passaged. For the injection therapies, we used passages 3-4, which were the lowest possible passages to get an adequate amount of cells.
Half of the freshly isolated ASCs were blended with 2.1 ml of collagen (Contigen), and the rest of the ASCs were blended with 0.9% NaCl. The amount of cells used for injection therapy varied from 2.5 3 10 6 to 8.5 3 10 6 cells, depending on the patient. The live/dead staining was used to evaluate the viability of ASCs in Contigen prior to the injection therapy as previously described [13] . 
In Vitro Analyses Cell Expansion
For the following in vitro analyses, the cells were expanded in vitro in BM consisting of DMEM/F-12 supplemented with 15% human serum (Lonza, Walkersville, MD, http://www.lonza.com) and 1% GlutaMAX (Life Technologies).
Flow Cytometric Surface Marker Expression Analysis
The ASCs (n = 5) at passages 5-6 were analyzed with a fluorescence-activated cell sorter (FACSAria; BD Biosciences, San Diego, CA, http://www.bdbiosciences.com). Antibodies against CD14-PECy7 (BD Biosciences), CD19-PECy5 (BD Biosciences), CD34-APC (Immunotools GmBH, Friesoythe, Germany, http://www. immunotools.de), CD45-PE, CD49d-PE (BD Biosciences), CD73-PE (BD Biosciences), CD90-PE, CD105-PE, HLA-ABC-PE (Immunotools), and HLA-DR-PE (Immunotools) were used. The analysis was performed on 10,000 cells per sample, and unstained cell samples were used to compensate for the background autofluorescence levels. The surface marker expression of .2% was defined as a positive expression.
Differentiation Analyses
The myogenic, adipogenic, osteogenic, and chondrogenic differentiation analyses were carried out to verify the multidifferentiation potential of ASCs (n = 5, passages 7-10). All the cultures were maintained for 14 days in differentiation conditions. The BM supplemented with antibiotics (100 U/ml penicillin and 0.1 mg/ml streptomycin; Life Technologies) served as a control medium. For myogenic differentiation, the ASCs were plated onto fibronectin-coated (Sanquin, Amsterdam, The Netherlands, http://www.sanquin.nl) wells with a density of 2,631 cells per cm 2 . The ASCs were cultured in myogenic medium, containing 5 ng/ml of transforming growth factor b1 (hBA-112; Santa Cruz Biotechnology Inc., Santa Cruz, CA, http://www.scbt.com) in BM for 14 days. The myogenic differentiation was verified by immunostaining using smooth muscle protein 22-a (SM22-a, 1:100; Abcam, Cambridge, U.K., http://www.abcam.com), a smooth muscle actin (a-SMA, 1:100; Abcam), and myosin heavy chain II (MHCII, 1:200; Thermo Fisher Scientific, Waltham, MA, http:// www.thermofisher.com) as primary antibodies. The cells were fixed with 4% paraformaldehyde (Sigma-Aldrich, St. Louis, MO, http://www.sigmaaldrich.com) and incubated in primary antibodies. Thereafter, secondary antibodies from goat, donkey, and donkey (1:200, Life Technologies), respectively, were conjugated to primary antibodies. Finally, the cells were mounted with Vectashield (Vector Laboratories, Burlingame, CA, http://www. vectorlabs.com) and imaged with the fluorescent microscope (Olympus).
The adipogenic, osteogenic, and chondrogenic differentiation have been described in detail previously [13] . Briefly, the adipogenic differentiation was performed by culturing ASCs in adipogenic medium at a density of 2 3 10 4 cells per cm 2 . After 14 days, adipogenesis was verified with Oil Red O staining (Sigma-Aldrich). For the osteogenic differentiation, 2,500 cells per cm 2 were incubated in osteogenic medium, and the osteogenic capacity was studied using alkaline phosphatase (ALP) staining (Sigma-Aldrich). A micromass culture method was used for chondrogenic differentiation, and the chondrogenic potential was verified by Alcian blue staining (Sigma-Aldrich).
RESULTS

Clinical Results
Five patients were followed-up 1 year after the procedure. At 6 months, 1 of 5 patients displayed a negative cough test with full bladder filled with 500 ml of saline. At 1 year, the cough test was negative for three patients, and two of them were satisfied and did not wish further treatment for SUI. There was also improvement according to the 24-hour pad test with the objectively cured patients ( Table 2 ). There were no changes in either urodynamic parameters or in urine residual volume in any of the patients.
There was subjective improvement with all five treated patients according to the UISS, IIQ-7, UDI-6, and VAS (Table 3) ; however, the first three patients did not indicate improvement on all of the questionnaires. The two patients who benefitted from the ASC treatment were consistent in their answers and were subjectively cured or improved according to the UISS, IIQ-7, UDI-6, and VAS questionnaires. Three of the patients have been operated on after the 1-year follow-up.
With the exception of small hematomas, there were no adverse events from the adipose tissue collection. There were no major complications (urinary retention, hematuria, or urinary tract infection) after the transurethral injections. One patient displayed mild pollacis and dysuria that resolved spontaneously within a week.
In Vitro Results
After ASC isolation, the cells proliferated rapidly in autologous serum containing medium. The live/dead analysis prior to injection therapy confirmed the viability of ASCs in the Contigen: the majority of cells were viable, and only a few dead cells were detected (Fig. 1) . Kuismanen, Sartoneva, Haimi et al.
The surface marker expression analysis of the ASCs showed a positive expression for adhesion molecules CD49d, CD73, and CD105; extracellular matrix protein CD90; and MHC class I isotype HLA-ABC. Minor or moderate expression of markers CD14, CD19, CD34, CD45, and MHC class II isotype HLA-DR were detected, which suggested a low number of cells of hematopoietic and angiogenic lineages ( Table 4 ).
The multidifferentiation potential of ASCs was demonstrated by their capability to differentiate toward myogenic, adipogenic, osteogenic, and chondrogenic cell lineages (Fig. 2) . After 14 days of exposing the ASCs to adipogenic medium, the lipid droplets were evident, which confirmed the ASCs potential to differentiate toward adipocytes. The positive ALP staining verified the osteogenic potential of ASCs. The chondrogenic differentiation was detected with Alcian blue staining for cartilage-specific glycosaminoglycans. The ASCs showed positive expression for all the myogenic markers used: SM22-a, a-SMA, and MHCII, thus verifying the myogenic potential of these cells.
DISCUSSION
The purpose of this study was to find out whether transurethral injections of autologous ASCs with collagen could be safe and effective for SUI or MUI treatment. In this study, two of five patients had recurrent SUI, whereas two patients had mixed urinary incontinence.
Two patients had low MUCP, and the BMI of all the patients in the study was $25. All of these factors (overweight, mixed incontinence, previous continence surgery, and intrinsic sphincter deficiency) are significant independent predictors for midurethral sling failure [14] . Recurrent incontinence is not an ideal target for any method of treatment. The first three patients did not benefit from the cellular therapy, which may be at least partly due to the introduction of a new method.
Prior to the injection therapy, the adipose tissue was readily collected under local anesthesia. The tissue collection caused some discomfort for the patients, and with the patient who was not eventually treated because of bacterial contamination in repeated samples, there was postoperative hemorrhage that was managed conservatively. The transurethral injections were relatively easily implemented, and the patients were able to return to their everyday activities within the same day. The injections under local anesthesia were well tolerated, and there were no severe complications.
To the best of our knowledge, ASCs have not been previously used clinically for female SUI treatments. However, nowadays stem cell therapies have been under extensive research [15] , and prior to this study, some clinical studies on cell-based injection therapies have been published. Mitterberger et al. [16, 17] demonstrated an efficacy of cell-based injection therapy using myoblasts and fibroblasts mixed with Contigen to treat female SUI. However, the primary cells are not the optimal choice because of the difficulties in high-yield expansion of cells. In addition to primary cells, autologous muscle-derived stem cells and allogenic umbilical cord blood stems cells (CBSCs) have both been used in a few clinical trials to treat female SUI patients with promising results [8, 15] . Carr et al. [18] used autologous MDSCs to treat 8 female SUI patients. They demonstrated an improvement of SUI symptoms in 5 patients at the 1-year follow-up, although only 1 patient was totally continent. Furthermore, Sèbe et al. [19] treated 12 female patients with autologous MDSCs, and at 1-year follow-up, 3 patients were dry, and improvement of SUI was detected in 7 patients. Additionally to MDSCs, Lee et al. [20] used allogenic CBSCs in one clinical study to treat 39 female SUI patients. They demonstrated a 36.1% cure rate at the 1-year follow-up. These treatments were demonstrated to be a safe method, and no severe adverse effects were detected. When compared with the aforementioned cell sources, the main advantage of ASCs is that the yield of stem cells from adipose tissue is much higher, and the isolation and expansion of ASCs is also relatively easy [15, 21] . Furthermore, the injection therapy with ASCs was detected as a potential method to treat male urinary incontinence [22] , and therefore we wanted to study the efficacy of ASCs for female urinary incontinence. Our approach was to use multipotent autologous ASCs with the bulking agent Contigen for transurethral injection therapy. The mesenchymal origin was confirmed prior to the clinical injections using fluorescence-activated cell sorting analysis after the subsequent cells expansion of ASCs in laboratory facilities. The fact that the analyzed ASCs were at higher passages compared with the ASCs used for injection therapies could have slightly affected the expression results; however, the expression results were concordant with the previous results for ASCs [9, 13, 23] . Compared with the previous studies, the ASCs in our study expressed the hematopoietic markers CD14, CD34, and CD45 slightly more. This difference in expression results could be explained with the patient variation, which is typically high in ASCs [21, 23] . In addition to adipogenic, chondrogenic, and osteogenic differentiation, several studies have exhibited the ASCs' capability to undergo myogenic differentiation [24, 25] . The ASCs used in this study were verified to be multipotent, because they also had a myogenic capacity. Compared with other cell sources, the main advantage of ASCs is that the yield of stem cells from adipose tissue is much higher [15] .
Previously, ASCs have been used in several in vivo studies to treat SUI with potential results. Lin et al. [25] showed that transplantation of ASCs via urethral or intravenous injection was an effective treatment and/or prevention of SUI in a preclinical setting in rats. Fu et al. [24] induced rat ASCs to differentiate into myoblasts in vitro prior to transurethral injection therapy and showed that the myoblasts served an important function in improving the urine controlling ability. Furthermore, Wu et al. [26] showed that ASCs transplanted under the urethral mucosa of pudendal nervemutilated rats improved maximum bladder capacity, abdominal leak point pressure, maximum urethral closure pressure, and functional urethral length in urodynamic testing compared with the control group.
Although traditionally the ASCs' regenerative capacity was associated with their plasticity, their therapeutic effects appear to be particularly due to their paracrine function through the secretion of a broad range of bioactive molecules. Their potential mechanism of action might be related to immunomodulation, support of growth and differentiation of local stem and progenitor cells, proangiogenic action, chemoattraction, antiscarring, and antiapoptosis effects [27] .
New techniques in many tissue regeneration applications are emerging, but midurethral slings are still the first-line surgical treatments for SUI. Reported cure rates of midurethral sling operations rise even up to 90% [28] . Furthermore, other treatment methods such as bulking agents are an option, especially for patients who are unresponsive to traditional treatments or who are not suitable for surgical operation. However, injections with bulking agents have not been as effective as surgical methods, and the main problem has been the relatively poor sustainability of the bulking effect [29] . The short-term subjective cure rate with plain Contigen has been low in women with severe sphincteric incontinence [30] . Several investigators have produced variable results from 23% to 83% cure rates at 1 and 2 years of follow-up after collagen therapy [31] .
In our pilot study, we chose bovine collagen (Contigen) to be the carrier of the autologous ASCs, because it is a widely studied biomaterial in SUI injection therapy. Furthermore, it is the only commercially available collagen gel accepted for clinical use. Additionally, collagen is shown to be biocompatible and biodegradable [32] . Our results also showed that ASCs remain viable when combined with Contigen. However, Contigen was not the ideal carrier for cells because of its poor mechanical properties. When Contigen was combined with ASCs, the collagen gel became more liquid, which may have affected the overall bulking efficacy of the injection therapy. More preclinical studies are needed to develop an ideal carrier material for the stem cells.
CONCLUSION
In this pilot study, we studied the effect of ASCs in combination with injectable bulking agent to treat female SUI. During the 1-year follow-up period, the treatment with autologous ASCs was shown to be safe and well-tolerated and reasonably effective in two of five patients. Tissue engineering techniques hold the potential to provide an efficient treatment for SUI in the Kuismanen, Sartoneva, Haimi et al.
future, but more research is needed to reach this goal. Developing more optimal biomaterial carriers for cells may especially increase the efficiency of the stem cell-based injection therapies for SUI.
